Computed tomography (CT) and magnetic resonance imaging (MRI) are an essential part of modern healthcare. Marked increases in clinical demand for these imaging modalities are straining healthcare expenditure and threatening health system sustainability. The number of CT and MRI scans requested in the Eden and Central Karoo districts of the Western Cape Province, South Africa (SA), almost doubled from 2011 to 2013. Objective. To determine the appropriateness of CT and MRI scans and relate this to the requesting department and clinician. Methods. This was a retrospective analytical cohort study. All scans during October 2012 were analysed as a sample. Appropriateness of scans was determined using the American College of Radiologists (ACR) Appropriateness Criteria and the Royal College of Radiology Guidelines. Appropriateness was also correlated back to the requesting department and clinician. Results. Of a total of 219 scans, 53.0% were abnormal. Overall 6.4% of scans were considered inappropriate. Interns and registrars requested no inappropriate scans. The orthopaedics department scored the highest rate of appropriate scans (80.0%) and the oncology department the highest rate of inappropriate scans (20.8%). Conclusion. The limited resources available for healthcare in a developing country like SA should be a motivation to implement control mechanisms aimed at appropriate utilisation of imaging examinations. The Eden and Central Karoo districts have a low rate of inappropriate scans (6.4%). We recommend that the current preauthorisation system by consultants and other senior clinicians continues, but with increased clinician awareness of the ACR Appropriateness Criteria and the Royal College guidelines.
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Computed tomography (CT) and magnetic resonance imaging (MRI) have become an essential part of modern healthcare. [1] It would seem intuitive that, by enabling the practitioner to make non-invasive diagnoses, these investigations should improve health outcomes in many individuals, but this is often difficult to prove. However, marked increases in imaging utilisation are now straining healthcare expenditure and threatening health system sustaina bility. [1] Imaging is one of the fastest-growing services in medicine; it is estimated that imaging costs amount to $100 000 billion annually in the USA. [2] In the past decade technological advances in CT and MRI have further increased their clinical utilisation. [3] The clinical information obtained and their greater accessibility have made them attractive to both patients and referring doctors.
However, the increased utilisation of diagnostic imaging has brought with it significant economic and medical risks. Brenner and Hall [4] have highlighted the alarming increase in radiation exposure through CT and the accompanying carcinogenic potential. Recent work also emphasised the growing concern about unforeseen contrast-related severe reactions such as gadolinium-related nephrogenic systemic fibrosis, over and above the well-known mild allergies and anaphylactoid responses. [5] According to a World Bank report in 2009, health expenditure in South Africa (SA) was 8.5% of the gross domestic product. This was considerably higher than the 5% recommended by the World Health Organization. The national Minister of Health, Dr Aaron Motsoaledi, has stated that 'We exceed our healthcare costs ... We are a country spending more on health but having poor outcomes. ' It is therefore essential to regulate costs in our health system, which includes the cost of imaging. [6] Levy et al. [7] investigated the effect of the American College of Radiologists (ACR) Appropriateness Criteria and found an increase in appropriate MRI examinations after applying these criteria. It has been shown that a telephonic preauthorisation process for radiological studies also produced a statistically significant change in the rate of ordering MRI studies, but not CT scans. [8] A study undertaken in Israel [9] assessed the effect of a managed care preauthorisation programme based on the ACR Appropriateness Criteria and the Royal College of Radiology Guidelines. Before preauthorisation was compulsory, CT and MRI utilisation rates were constantly increasing, by 20% and 5% per year for CT and MRI, respectively. After implementation of preauthorisation, CT and MRI annual request rates decreased from 25.9 and 7 examinations per 1 000 patients in 2000 to 17.3 and 5.6 in 2003. CT was more commonly inappropriately utilised by the paediatric group, while medical subspecialties more commonly utilised MRI inappropriately. Preauthorisation of CT and MRI requests resulted in a substantial decrease in utilisation and imaging costs. [9] In the Eden and Central Karoo districts in the Western Cape Province of SA, CT and MRI services requested in the public sector were historically outsourced to the private sector (Fig. 1) (Fig. 2 ). There were no data available on the appropriateness of CT and MRI scans in these districts. The aim of this study was to determine the appropriateness of CT and MRI scans in the districts and relate their appropriateness score to the requesting department and clinician.
Methods
This was a retrospective analytical cohort study. All public sector scans done in the Eden and Central Karoo districts during October 2012 were included. The folders of all patients at George Hospital who underwent private or state sector CT or MRI scans were retrieved from the hospital. The demographic data, type of scan, indication for the scan, requesting practitioner and requesting department were obtained from the notes. Folders with incomplete data were excluded from the study. Public sector patients who had scans done in private practice at Knysna or Mossel Bay provincial hospitals were not included in the study, as it was not possible to access their folders. During the study period 25 and 42 state patients had CT and MRI scans done in private practice in Mossel Bay and Knysna, respectively.
Appropriateness of CT and MRI scans was determined by using the ACR Appropriateness Criteria and the Royal College of Radiology Guidelines. [10] The ACR Appropriateness Criteria uses the following rating scale: 1, 2, 3 'usually not appropriate' , 4, 5, 6 'may be appropriate' , and 7, 8, 9 'usually appropriate' . Cases in which an ACR code could not be assigned were labelled ACR non-codable.
Data were captured and analysed using Microsoft Excel 2003 software. 
Results
A total of 251 scans were performed during the study period, 219 of which were included in the study. The mean age of the population sampled was 47.6 years (Fig. 3) .
The Eden district has seven subdistricts. Table 1 compares the total population size of each subdistrict (2011) [11] with the number of CT and MRI scans requested. Scans performed in the private sector are not included.
The majority of CT scans requested were of the brain (48.4%), and a total of 27 MRI scans were requested ( Table 2) .
As judged by the reports, 31.5% of scans were normal, 53.0% were abnormal and 15.5% were 'abnormal as expected' (scans in patients who had known pathology, but no new pathology noted).
Using the ACR criteria, 6.4% of scans were found to be inappropriate, 15.5% 'may be appropriate' , 63.5% were appropriate and 14.6% were ACR non-codable. Table 3 relates appropriateness to the rank of the requesting practitioner. Interns and registrars requested no inappropriate scans. 
Discussion
Almost two-thirds (64%) of the scans performed at George Hospital were found to be appropriate using the ACR Appropriateness Criteria. This compares favourably with a study from the University of Washington that retrospectively analysed 459 CT and MRI scans for appropriateness using evidence-based guidelines. [12] In this study, clinical history submitted at the time of interpretation, the clinical notes and laboratory results preceding the date of the imaging were evaluated. The radiology reports and subsequent clinic visits were measured for outcomes, and 74% of scans were found to be appropriate. Examples of inappropriate scans included brain CT for chronic headache, lumbar spine MRI for acute back pain, knee or shoulder MRI in patients with osteoarthritis, and CT scans for haematuria during a urinary tract infection. [12] It is essential that doctors know how to select the appropriate imaging technique to ensure cost-effective, high-quality patient care. [13] The ACR developed its Appropriateness Criteria in 1993, and ongoing revisions have kept them relevant. These are expertgenerated, evidence-based guidelines intended to guide referring doctors in the correct use of diagnostic and interventional radiology for given clinical situations. [10] However, it has been shown that in the USA there is low utilisation of the ACR Appropriateness Criteria by clinicians when ordering imaging studies for their patients. [14] In our study, most of the scans were performed in the >65 years age group and very few were performed in patients aged <12 years. This is excellent practice in terms of reducing radiation exposure in children, yet the paediatrics department was found to have an 18.7% rate of inappropriate scans, despite a general perception that the department is very judicious in the ordering of CT scans. According to the ACR Appropriateness Criteria, MRI scans are preferred in children because of the reduced radiation exposure. It is, however, difficult to order MRI scans for children at George Hospital, as they have to be performed in the private sector, necessitating transport to the private hospital, and a doctor has to accompany the child for sedation purposes due to the claustrophobic tunnel and the noise generated by the MRI machine. CT scans, which can be done at George Hospital, therefore tend to be preferred.
When comparing the numbers of scans on patients from the various subdistricts in Eden, there is a clear discrepancy. Far more scans are requested from George Hospital compared with the peripheral hospitals, but this probably reflects the referral nature of George Hospital. The George region has a population of 188 236 and generated 114 scans (0.06% of the population), while Oudtshoorn, with a population of 92 545, generated only 27 scans (0.03%). Patients have to travel 65 km from Oudtshoorn to George Hospital via ambulance to have a scan, while patients in George have easier access to scans. The question arises whether George is perhaps doing too many scans, or the peripheral hospitals are doing too few.
Looking at appropriateness of scans in relation to the requesting practitioner, we found that interns ordered no inappropriate scans, while 5.4% of those ordered by consultants were inappropriate. One explanation could be that interns tend to make decisions on the more straightforward scans with clear appropriateness guidelines, while scans that need approval by a consultant typically include more difficult clinical situations. Alternatively, the intern may have only been directed to request the scan after senior clinician input. 
Recommendations
While almost two-thirds of scans were considered appropriate, and no inappropriate scans were requested by interns or registrars, we recommend that the current 'preauthorisation' system, where consultants are required to grant permission in complex clinical cases, continue at George Hospital, but with an increased sensitivity and awareness of the ACR Appropriateness Criteria. This is particularly true for the oncology department, where a more in-depth study may reveal reasons for requests for some apparently inappropriate scans. Finally, improved access for scans from district hospitals may warrant attention.
Conclusions
The introduction and ongoing improvement of sophisticated new diagnostic imaging modalities, particularly CT and MRI, have increased utilisation by clinicians dramatically over the past decade. The limited resources available for healthcare in a developing country like SA ought to be motivation to implement control mechanisms aimed at appropriate utilisation of imaging examinations. While this study showed 63.5% of scans to be appropriate, we also identified concerns around access to scans for district hospitals in the periphery, and a relatively high proportion of inappropriate scans requested by clinicians in the departments of oncology and paediatrics. 
